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Introduction {#sec006}
============

Childhood adversity refers to a range of negative exposures during childhood, including abuse, neglect, violence, parental separation or incarceration, and occurs on a common basis \[[@pone.0233718.ref001]\]. In high income countries, the prevalence of having experienced at least one adverse event during childhood has been estimated to be almost 40% \[[@pone.0233718.ref002]\]. Childhood adversity can have detrimental effects on later mental health, leading to depression, substance abuse and suicide attempts in adulthood \[[@pone.0233718.ref001], [@pone.0233718.ref003], [@pone.0233718.ref004]\].

Childhood adversity can be divided into dependent or person-related events and independent or environment-related events \[[@pone.0233718.ref005], [@pone.0233718.ref006]\]. Person-related events have a direct impact on the person himself or herself. Examples of such events are severe physical illness, a handicap, being the victim of physical or sexual abuse. Environment-related events affect other individuals or the direct environment of an individual. Such events include parental separation, parental drug use or the death of a sibling or parent. It has been previously shown that these distinct categories of events can affect mental health in a distinct manner \[[@pone.0233718.ref006]\]. Person-related childhood adverse events seem to mainly relate to depressive symptoms. In a co-twin control study, person-related childhood adverse events were associated with the onset of depression among females more than environment related events \[[@pone.0233718.ref007]\]. Another two studies showed more depressive symptoms among adolescents who experienced person-related adverse events, but not among those with environment-related events \[[@pone.0233718.ref008], [@pone.0233718.ref009]\]. Environment-related childhood events, including parental separation and sudden parental death, have been associated with more general psychological maladjustment and conduct problems \[[@pone.0233718.ref010], [@pone.0233718.ref011]\].

The associations between childhood adversity and mental health outcomes might be partly explained by effects of childhood adverse events on the development of the hypothalamic pituitary adrenal (HPA)-axis in boys and girls. The main end product of the HPA-axis is cortisol, which is released after stress exposure and is involved in processes such as glucose release and immune responsivity. In addition to release after stress, cortisol follows a diurnal rhythm with peak levels shortly after awakening and decreasing levels during the day \[[@pone.0233718.ref012]\]. Dysregulation of HPA-axis functioning has been associated with depressive symptoms, anxiety disorders and PTSD in childhood and adulthood \[[@pone.0233718.ref013]--[@pone.0233718.ref015]\]. Another important HPA-axis related hormone is dehydroepiandrosterone (DHEA), a human steroid and androgen that is produced in the adrenal cortex. Levels of DHEA typically increase when cortisol levels increase. DHEA has antiglucocorticoid properties and the co-release of DHEA with cortisol returns the stress system back to homeostasis, suggesting a protective function against long-term exposure to increased levels of cortisol \[[@pone.0233718.ref016], [@pone.0233718.ref017]\]. Low, but also high DHEA concentrations have been associated with an increased prevalence of depression and PTSD in adults \[[@pone.0233718.ref018]--[@pone.0233718.ref021]\]. An increased ratio of cortisol to DHEA concentration suggests higher stress hormone levels and lower 'protective' hormone levels, and has been related to poor mental health outcomes \[[@pone.0233718.ref018]\].

Associations between adversity during childhood and altered HPA-axis functioning have frequently been observed in animal and human studies \[[@pone.0233718.ref022], [@pone.0233718.ref023]\]. Adverse childhood events have been linked to blunted diurnal cortisol patterns in young children \[[@pone.0233718.ref024]\] and adolescents \[[@pone.0233718.ref025]\] and an increased cortisol awakening response in adult women \[[@pone.0233718.ref026]\]. Childhood adverse events such as childhood maltreatment have also been linked to increased cortisol/DHEA ratio concentrations in adulthood \[[@pone.0233718.ref027]\] emphasizing the complexity of associations between childhood adversity and neuroendocrine variables.

The association between childhood adversity and DHEA or cortisol/DHEA ratio has not been studied previously in adolescent boys and girls despite our understanding of the adolescent period as an important developmental period, including major changes in the HPA-axis and associated adaptability to stress. These changes have been linked to increased risk for the onset of internalizing and externalizing behavior problems among children and adolescents \[[@pone.0233718.ref024], [@pone.0233718.ref028]\]. DHEA plays a role in the onset of adrenarche, the physical maturation as well as brain development during puberty \[[@pone.0233718.ref028]\]. Also, to the best of our knowledge, associations between person- and environment-related childhood adverse events specifically and HPA-axis measures have not yet been studied. In order to further unravel the associations between different types of childhood adversity and cortisol, DHEA, cortisol/DHEA ratio in adolescence, the present study was carried out. We expected associations between both environment-related and person-related childhood adversity and cortisol and DHEA levels, but did not hypothesize on the direction of associations due to the inconsistency in the current literature on direction of associations between adversity and HPA-axis outcomes. As there are indications for differences between boys and girls in HPA-axis functioning during adolescence, we tested the associations separately for boys and girls.

Methods {#sec007}
=======

Participants {#sec008}
------------

Participants (age 12--18) were recruited from several high schools in the Netherlands. A total of 215 adolescents consented to participation in the study. The availability of questionnaire data, hair (part 1) and saliva (part 2) data is shown in [Fig 1](#pone.0233718.g001){ref-type="fig"}.

![Flowchart of participants and data availability for questionnaires, hair (part 1) and saliva (part 2).](pone.0233718.g001){#pone.0233718.g001}

The study was approved by the ethical committee of the Faculty of Behavioral and Movement Sciences of the Vrije Universiteit Amsterdam (study number: VCWE-2014-100). Participants, and parents when children were under the age of 16 years, gave written informed consent.

Procedure {#sec009}
---------

Study assistants asked permission of high schools to invite students to participate in the study. When permission was obtained, youths and their parents received a written explanation of the study with an invitation to participate. The student assistants then visited schools to enroll adolescents willing to participate and who had filled out a written informed consent (by themselves or from their parents). After explaining the study protocol, a piece of hair was cut as the first part of the study. In the second part of the study, within a week after the first part of the study, half of the subjects received four tubes to collect saliva on a weekly day along with information on saliva collection. They were asked to collect the saliva in the tubes and return the tubes to the university by mail. The time of day when each saliva sample had to be collected was explained in the information letter, and participants reported the exact time of collection of each saliva sample. After this, participants were emailed a link to a website where they were asked to fill out a questionnaire containing questions on demographic variables and seven different standardized questionnaires (see below for a description of the questionnaires used for the present study). Completing the questionnaires took about one hour.

Self-report measures {#sec010}
--------------------

The questionnaire contained questions about height and weight, ethnic background, and asked participants whether they had ever smoked. Postal code was also self-reported, upon which socio-economic status was based. The postal code was recoded to a status score from 2016 that was developed by the Netherlands Institute for Social Research \[[@pone.0233718.ref029]\]. The status score reflects the social status of a neighborhood compared to other neighborhoods, with positive scores representing higher socio-economic status, relative to the Dutch average of 0 (range in the current sample: -3.45 to 2.61).

The Pubertal Development Scale (PDS) was used to assess the stage of puberty for boys and girls. The PDS is a 5-item questionnaire regarding growth, bodily hair development, skin changes and sex-specific pubertal development questions about voice changes and facial hair (boys) and breast development and menarche (girls). A total score between 1 (no development) and 4 (development complete) was computed (α = 0.77) \[[@pone.0233718.ref030], [@pone.0233718.ref031]\].

Childhood adversity can be studied by using a questionnaire assessing stressful life events, containing items about different types of events. In several studies these events have then been summed to a total number of events per person \[[@pone.0233718.ref027], [@pone.0233718.ref032]\]. However, the death of a parent may have a much greater impact on the life of a child or adolescent, compared to the loss of a job by a parent. In order to take the potential impact of an event into account, questionnaires like the Holmes and Rahe Stress Scale use life change units have been developed \[[@pone.0233718.ref033]\]. For the present study, we used the 27-item Adverse Life Events Questionnaire (ALEQ), a reliable and valid measure of childhood adversity, and also took the impact of events into account. For each adverse event, the participant filled out if he/she experienced the event, how many times, the age at the time of the adverse event, and the perceived severity \[[@pone.0233718.ref006], [@pone.0233718.ref034]\]. If the event was not perceived as severe at all, the event was not scored as a stressful event. Events were categorized and scored with the Holmes and Rahe stress scale, resulting in a total life change unit score, with higher scores indicating higher impact of stressful events \[[@pone.0233718.ref033]\]. We split the total score in a person-related sub score and an environment-related sub score, based on a previous study in which these events were rated by trained psychologists in the field of life events \[[@pone.0233718.ref006]\]. An overview of the reported person-related and environment-related is shown in [Table 3](#pone.0233718.t003){ref-type="table"}.

Neuroendocrine measures {#sec011}
-----------------------

Hair strands (about 3 mm diameter) were taken scalp-near from a posterior vertex region. Cortisol and DHEA concentrations were determined in the proximal 3 cm long hair segment which, based on an approximate hair growth rate of about 1 cm per month, is assumed to reflect hormone secretion over the three-month-period prior to hair sampling \[[@pone.0233718.ref035]\]. The concentrations of cortisol and DHEA were determined by liquid chromatography tandem mass spectrometry (LC-MS/MS) in the 3 one-centimeter hair samples based on previously published methods \[[@pone.0233718.ref036]\]. The mean concentration of cortisol and DHEA in the 3 one-centimeter hair samples represents concentrations over the last three months, whereas the mean concentration of cortisol and DHEA in the proximal one-centimeter hair sample represents concentrations over the last month. Due to the low number of 3-cm long samples, we used the concentrations of cortisol and DHEA over the last month only.

Participants were asked to passively drool saliva in the tubes at four different time points during a week day: immediately after waking up, 30 minutes after waking up, at noon (98% within one hour) and at 8 pm (94% within one hour). They were also asked to stay in bed before collecting the second sample, to not eat within the half hour preceding the saliva collection and to store the tubes with saliva in the freezer. Participants received detailed instructions, in both text and pictures, about the collection of the saliva samples. They were asked to provide the actual time of collecting the sample, also if the time deviated from the time they were supposed to collect the sample. Samples were sent unfrozen by mail and were immediately stored in the freezer upon arrival until the assays were performed. Analysis of cortisol concentrations was carried out by means of salivary cortisol immunoassay with time-resolved fluorescence endpoint detection \[[@pone.0233718.ref037]\]. The day area under the curve (AUCg) with respect to ground cortisol levels was computed from the salivary cortisol values as a measure of daily cortisol output. DHEA concentrations were not measured in the saliva samples. Both hair and saliva samples were processed by Dresden lab services.

Statistical analysis {#sec012}
--------------------

Normality was assessed by visual inspection of histograms and Kolmogorov-Smirnov tests. Non-parametric tests were used for comparison of median values. Multiple linear regression analyses were used to test the hypotheses. Because the values for cortisol, DHEA and cortisol/DHEA ratio were not normally distributed, values were log transformed which resulted in normally distributed values. Outcomes included the hair variables DHEA over the last month, cortisol over the last month and cortisol/DHEA over the last month. Childhood adversity measured by the ALEQ in life change units was used as independent variable. Person-related and environment-related sub scores were analyzed separately. Age, BMI and PDS score were entered as covariates in the models, and each outcome was analyzed separately for boys and girls. AUCg was analyzed as a dependent variable in a regression model with dichotomized person- and environment related childhood adversity as factors. All analyses were conducted with IBM SPSS version 24 (Armonk, NY, USA).

Results {#sec013}
=======

Descriptive analyses {#sec014}
--------------------

The responder analyses results are shown in [Table 1](#pone.0233718.t001){ref-type="table"}. The characteristics of the group that participated in the hair collection and questionnaire part of the study were similar to the characteristics of the group that participated in the saliva collection and questionnaire part.

10.1371/journal.pone.0233718.t001

###### Responder characteristics, presented as means (SD) unless stated otherwise.

![](pone.0233718.t001){#pone.0233718.t001g}

                                  Hair & questionnaire data (n = 183)   Saliva & questionnaire data (n = 92)
  ------------------------------- ------------------------------------- --------------------------------------
  **Age in years**                15.6 (2.0)                            15.3 (2.1)
  **European ethnicity, n (%)**   163 (89.1)                            87 (94.6)
  **Height in cm**                170.1 (10.7)                          169.4 (10.9)
  **Weight in kg**                59.1 (13.1)                           58.0 (14.4)
  **BMI in kg/m^2^**              20.3 (3.2)                            20.0 (3.2)
  **High SES n (%)**              20 (10.9)                             11 (12.0)
  **Smokers (ever) n (%)**        41 (22.4)                             19 (20.7)
  **Puberty stage**               2.9 (0.7)                             2.8 (0.7)

**BMI** = body mass index; **SES** = socioeconomic status.

As shown in [Table 2](#pone.0233718.t002){ref-type="table"}, the final sample consisted of 190 adolescents (n = 74; 39% boys) with a mean age of 15.7 (SD 2.0) years. DHEA levels in hair, salivary cortisol levels and AUCg cortisol levels were comparable for girls and boys (all *p* ≥ 0.05). Cortisol levels in hair were higher in girls (median = 3.6, inter quartile range (IQR) = 2.4--5.0) compared to boys (median = 2.4, IQR = 1.6--3.8, *p* \< 0.01). Hair cortisol and DHEA were both positively associated with pubertal stage (r = 0.24, *p \< 0*.*01* and r = 0.22, *p \< 0*.*01*, respectively). Hair cortisol and DHEA levels were not significantly correlated (r = 0.13, *p =* 0.13). Salivary cortisol samples and AUCg cortisol levels were not associated with pubertal stage (r range = -0.06--0.16, all *p* ≥ 0.05). Comparison of hair cortisol samples and the separate saliva cortisol samples, showed that hair cortisol over the last month was significantly correlated with the midday saliva cortisol sample (r = 0.21, *p \<* 0.05), but not with the first (r = -0.01, *p* = 0.92), second (r = -0.06, *p* = 0.59) and last sample (r = 0.01, *p* = 0.96). Hair cortisol over the last month was not associated with AUCg cortisol levels (r = 0.11, *p* = 0.28). Other characteristics in [Table 2](#pone.0233718.t002){ref-type="table"} were not significantly different between boys and girls (all *p* ≥ 0.05).

10.1371/journal.pone.0233718.t002

###### Clinical characteristics, presented as means (SD) unless stated otherwise.

![](pone.0233718.t002){#pone.0233718.t002g}

                                                                               Total sample (n = 190)   Girls (n = 116)                                         Boys (n = 74)
  ---------------------------------------------------------------------------- ------------------------ ------------------------------------------------------- -------------------------------------------------------
  **Age in years**                                                             15.7 (2.0)               15.8 (1.9)                                              15.4 (2.1)
  **European ethnicity, n (%)**                                                169 (88.9)               104 (89.7)                                              65 (87.8)
  **Height in cm**                                                             170.3 (10.6)             167.4 (7.4)                                             174.8 (13.0)
  **Weight in kg**                                                             59.3 (13.0)              57.8 (9.7)                                              61.7 (16.6)
  **BMI in kg/m^2^**                                                           20.3 (3.2)               20.6 (3.0)                                              20.0 (3.5)
  **High SES n (%)**                                                           22 (10.2)                15 (12.9)                                               7 (9.5)
  **Smokers (ever) n (%)**                                                     44 (23.2)                27 (23.3)                                               17 (23.0)
  **Life change units groups n (%)**                                                                                                                            
      **None**                                                                 70 (36.8)                41 (35.3)                                               29 (39.2)
      **1--149**                                                               74 (38.9)                45 (38.8)                                               29 (39.2)
      **150--299**                                                             39 (20.5)                25 (21.6)                                               14 (18.9)
      **\> 300**                                                               7 (3.7)                  5 (4.3)                                                 2 (2.7)
  **Puberty stage**                                                            2.9 (0.7)                3.1 (0.6)                                               2.6 (0.7)
  **DHEA pg/mg hair** [\*](#t002fn001){ref-type="table-fn"}                    14.5 (9.0--25.0)         13.9 (8.5--22.9)                                        15.4 (9.4--29.5)
  **Cortisol pg/mg hair**[\*](#t002fn001){ref-type="table-fn"}                 3.2 (2.1--4.3)           3.6 (2.4--5.0)[\*\*](#t002fn002){ref-type="table-fn"}   2.4 (1.6--3.8)[\*\*](#t002fn002){ref-type="table-fn"}
  **Cortisol/DHEA hair**[\*](#t002fn001){ref-type="table-fn"}                  0.21 (0.11--0.36)        0.26 (0.17--0.47)                                       0.15 (0.08--0.28)
  **Salivary cortisol nmol/L sample 1**[\*](#t002fn001){ref-type="table-fn"}   6.51 (4.19--8.90)        6.49 (4.14--10.23)                                      6.64 (4.17--8.02)
  **Salivary cortisol nmol/L sample 2**[\*](#t002fn001){ref-type="table-fn"}   9.87 (7.18--13.26)       10.61 (6.49--15.02)                                     9.37 (7.42--11.94)
  **Salivary cortisol nmol/L sample 3**[\*](#t002fn001){ref-type="table-fn"}   2.60 (1.80--3.95)        2.68 (1.94--4.62)                                       2.31 (1.42--3.20)
  **Salivary cortisol nmol/L sample 4**[\*](#t002fn001){ref-type="table-fn"}   0.91 (0.59--1.51)        0.97 (0.59--1.52)                                       0.76 (0.59--1.50)
  **AUCg salivary cortisol**                                                   46.60 (17.74)            48.58 (18.82)                                           43.96 (16.06)

\*Presented as medians (inter quartile ranges)

\*\* *p* \< 0.01.

**BMI** = body mass index; **SES** = socioeconomic status; **DHEA** = dehydroepiandrosterone; **AUCg** = day area under the curve with respect to ground cortisol levels.

In [Table 3](#pone.0233718.t003){ref-type="table"}, the mean number and prevalence of reported life events is shown, divided into person-related events and environment-related events. For both girls and boys, the death of someone they cared about was the most common adverse event (37% and 35%, respectively), followed by severe illness or accident of a family member (21% and 24%, respectively) and having had a severe illness or accident themselves (12% and 19% respectively).

10.1371/journal.pone.0233718.t003

###### Description of adverse events and frequency of experiencing such an event for girls and boys, n (%), and mean total scores (SD).

![](pone.0233718.t003){#pone.0233718.t003g}

                                                    Girls (n = 116)   Boys (n = 74)
  ------------------------------------------------- ----------------- ---------------
  **Person-related events**                                           
  **    Total score**                               12.9 (35.2)       14.4 (30.6)
      Severe illness or accident                    14 (12%)          14 (19%)
      Physically handicapped                        2 (2%)            1 (1%)
      Moved to other family                         2 (2%)            0
      Victim of violence                            3 (3%)            1 (1%)
      Threatened with a weapon                      1 (1%)            0
  **Environment-related events**                                      
  **    Total score**                               79.7 (92.2)       70.1 (80.9)
      Severe illness or accident of family member   24 (21%)          18 (24%)
      Severe illness or accident of good friend     8 (7%)            3 (4%)
      Physically handicapped family member          1 (1%)            2 (3%)
      Drugs addiction of family member              4 (4%)            1 (1%)
      Death of a parent                             3 (3%)            2 (3%)
      Death of a sibling                            1 (1%)            0
      Death of someone you cared about              42 (37%)          25 (34%)
      Parental unwanted unemployment                9 (8%)            11 (15%)
      Parental divorce or separation                8 (7%)            5 (7%)
      Family member moved                           5 (4%)            1 (1%)
      Family member taken into custody              1 (1%)            1 (1%)

Childhood adversity and cortisol, DHEA and cortisol/DHEA ratio in hair {#sec015}
----------------------------------------------------------------------

If adversity was analyzed as a total score, and not according to person- and environment related events, no significant associations with hair outcomes were found (all *p* ≥ 0.05). However, if we split the analyses into total scores of person- and environment related events, significantly higher DHEA levels were observed in girls with more person-related childhood adversity, but not in girls with more environment-related childhood adversity ([Table 4](#pone.0233718.t004){ref-type="table"}). In boys, no significant association was observed between person-related childhood adversity and DHEA levels. DHEA levels showed a trend towards being significantly higher in boys with more environment-related childhood adversity (*p* = 0.07). Hair cortisol levels were significantly higher in boys with more person-related childhood adversity ([Table 4](#pone.0233718.t004){ref-type="table"}).

10.1371/journal.pone.0233718.t004

###### Effect sizes of regression models with person- and environment related childhood adversity as determinants and levels of DHEA, cortisol and cortisol/DHEA ratio in hair as outcome variables.

![](pone.0233718.t004){#pone.0233718.t004g}

                                  Girls                                                Boys                                                                      
  ------------------------------- ---------------------------------------------------- -------------------- ---------------------------------------------------- ---------------------------------------------------
  **DHEA pg/mg last month**       0.079 (0.032)[\*](#t004fn002){ref-type="table-fn"}   -0.007 (0.013)       -0.009 (0.134)                                       0.093 (0.050)[†](#t004fn003){ref-type="table-fn"}
  **Cortisol pg/mg last month**   -0.001 (0.005)                                       -0.001 (0.002)       0.016 (0.007)[\*](#t004fn002){ref-type="table-fn"}   -0.002 (0.003)
  **Cortisol/DHEA last month**    -0.0002 (0.001)                                      -0.000052 (0.0003)   -0.002 (0.003)                                       -0.001 (0.001)

Results are displayed as B (standard error)

\**p* value \< 0.05

†*p* value \< 0.1; all analyses were adjusted for age, BMI and PDS score.

Daily cortisol output in saliva {#sec016}
-------------------------------

The AUCg analyses showed no differences in daily cortisol output between boys or girls with and without person-related childhood adversity. There was a trend towards a significantly lower daily cortisol output in boys with environment-related childhood adversity (b = -9.37; SE = 5.07; *p* = 0.08) compared to boys without environment-related childhood adversity (Figs [2](#pone.0233718.g002){ref-type="fig"}--[5](#pone.0233718.g005){ref-type="fig"}).

![Daily cortisol output from saliva for boys with and without environment-related adversity.](pone.0233718.g002){#pone.0233718.g002}

![Daily cortisol output from saliva for boys with and without person-related adversity.](pone.0233718.g003){#pone.0233718.g003}

![Daily cortisol output from saliva for girls with and without environment-related adversity.](pone.0233718.g004){#pone.0233718.g004}

![Daily cortisol output from saliva for girls with and without person-related adversity.](pone.0233718.g005){#pone.0233718.g005}

Discussion {#sec017}
==========

Our findings demonstrated that person- and environment related childhood adversity were differentially associated with HPA-axis functioning in adolescents in a sex-specific manner. Neither person- nor environment related childhood adversity was associated with an altered cortisol/DHEA ratio in hair. However, in girls, person-related childhood adversity was associated with higher hair DHEA levels, while environment-related childhood adversity was not associated with any of the HPA-axis measures. In boys, person-related childhood adversity was associated with higher hair cortisol levels. Also, for environment-related childhood adversity a trend was observed for lower daily cortisol output measured in saliva and higher DHEA levels in hair.

To the best of our knowledge, our study is the first to make a distinction in person and environment related adversity while studying associations between childhood adversity and HPA-axis outcomes. If the person- and environment-related events were combined in a total adverse event score, no associations were found with either cortisol or DHEA levels, which underlines the importance of studying person- and environment-related events separately. Our findings showed that person-related childhood adversity, but not environment-related adversity, was associated with altered HPA-axis functioning in girls. In boys, both person- and environment-related childhood adversity were associated with altered HPA-axis functioning. Although some previous studies suggested that different types of childhood adverse events could be associated with mental health in a sex-specific manner \[[@pone.0233718.ref005], [@pone.0233718.ref006], [@pone.0233718.ref038], [@pone.0233718.ref039]\], this is the first study showing that person- and environment-related childhood adversity is associated with levels of cortisol and DHEA in a sex-specific manner.

Previous research has suggested a sex-specific association between non-specific childhood adversity and altered HPA-axis functioning \[[@pone.0233718.ref040]\]. A potential explanation for the sex-specific associations between childhood adversity and altered HPA-axis functioning might be the differences in puberty development between girls and boys. The functioning of the HPA-axis changes during puberty from relatively low to increasing levels of both cortisol and DHEA, and these changes tend to occur earlier in girls compared to boys \[[@pone.0233718.ref041], [@pone.0233718.ref042]\]. Childhood adversity may lead to different HPA-axis functioning in girls and boys, such that the brain and endocrine system react differently to the environment during pubertal development \[[@pone.0233718.ref040]\]. Previous research has shown that early life adversity is associated with altered cortisol day output in boys, which is in line with our findings \[[@pone.0233718.ref043]\]. Our results add that the type of event is also related to these sex-specific associations. In one study, boys experienced more behavioral problems after parental divorce compared to girls, which is consistent with the idea that environment-related childhood adversity affects boys differently than girls \[[@pone.0233718.ref044]\]. The differences in levels of cortisol and DHEA we found are relatively small compared to effects of pubertal status but could still have important implications for further development and future mental health outcomes. These findings together suggest that the increased susceptibility for mental health and behavioral problems through altered HPA-axis functioning after childhood adverse events depend on both sex and type of event, although more research is necessary to confirm and further unravel these associations.

DHEA is a relatively new marker of mental health and recent studies have suggested a potential important role of DHEA in childhood adversity research, such that cortisol and DHEA levels could be used as predictors of mental health and behavioral problems after childhood adversity exposure \[[@pone.0233718.ref027], [@pone.0233718.ref040]\]. The present study showed that there are sex-specific differential associations between different types of childhood adversity and levels of DHEA. Based on our results it seems that girls who have experienced person-related adverse events during childhood and boys who have experienced environment-related adverse childhood events have prolonged increased levels of DHEA, although the latter was not statistically significant. Increased DHEA levels have been shown in children with anxiety and obsessive-compulsive symptoms and in adult patients with major depressive disorder and addictive disorder \[[@pone.0233718.ref020], [@pone.0233718.ref045], [@pone.0233718.ref046]\]. Taken together with the results from our study, childhood adversity may be linked to increased DHEA levels in girls, with potential long-term negative effects on mental wellbeing.

In a meta-analysis, childhood adversity was associated with increased cortisol levels in hair in both girls and boys, whereas our findings only showed increased cortisol levels in hair in boys who experienced adversity \[[@pone.0233718.ref047]\]. Our finding of a trend towards an association between environment-related childhood adversity and lower daily cortisol output in boys is in line with previous research focusing on non-specific childhood adversity and childhood daily cortisol output \[[@pone.0233718.ref024], [@pone.0233718.ref043]\]. Hair cortisol is a measure of long-term cortisol levels whereas salivary cortisol represents a short-term measure that is highly adaptive to acute changes. Previous research indicates that these two different measures may not always be in line with each other and especially salivary cortisol measured on a single day has been shown to be unassociated with hair cortisol levels \[[@pone.0233718.ref048], [@pone.0233718.ref049]\]. We found increased levels of cortisol in hair in boys exposed to person-related childhood adversity and a trend for lower daily cortisol output measured in saliva in boys exposed to environment-related childhood adversity. Because the results regarding daily cortisol output were not statistically significant they should be interpreted with caution. Collectively, these findings suggest that long-term and short-term measures of cortisol may show different patterns in relation to childhood adversity, also dependent on the type of adversity, especially when salivary cortisol is measured on a single day.

Contrary to previous research, we did not find an association between person- and environment related childhood adversity and alterations of the cortisol/DHEA ratio. This null finding may be related to the small variation in cortisol/DHEA ratio in our sample, or the greater severity of stress experienced in childhood in previous research describing effects on the cortisol/DHEA ratio \[[@pone.0233718.ref018], [@pone.0233718.ref040]\]. In addition, cortisol/DHEA ratio was derived from plasma and saliva in these studies, whereas in our study cortisol/DHEA ratio was derived from hair, which may have resulted in less variation in concentrations. Based on previous research though, the cortisol/DHEA ratio is an important measure of neuroendocrine functioning \[[@pone.0233718.ref018]\], and additional research is needed to assess the sex-specific association between person- and environment related childhood adversity and this ratio.

Strengths of this study included the measurement of both cortisol and DHEA levels in hair, and daily salivary cortisol output, giving information about HPA-axis activity over longer periods of time. In line with previous studies showing a positive correlation between cortisol levels from hair and saliva \[[@pone.0233718.ref050]--[@pone.0233718.ref052]\], we also observed a positive correlation between the hair cortisol sample representative for the last month and the mid-day saliva sample, although measurements at other time points were not related. A limitation of this study is that we could not adjust for smoking, as reliable information was only available for ever having smoked and not for current smoking. Since there are associations between smoking and DHEA and cortisol, adjustment for current smoking would have been preferred \[[@pone.0233718.ref053]\]. Another limitation concerns the analysis of hair to determine cortisol and DHEA levels; in boys or girls with short hair it was not possible to take a hair sample or only a short piece of hair. Furthermore, the smaller number of adolescents participating in the saliva sample part of the study (48%) limited the statistical power for finding differences in the daily cortisol output. This particular group did not seem to be a selective group though as the responder analyses showed no differences between participants in the saliva sample part of the study and participants in the hair sample part of the study. Lastly, limiting saliva sampling to one day reduced the certainty of the cortisol day output results, since multiple sampling days may provide a more reliable estimate \[[@pone.0233718.ref054]\].

Despite these limitations, the study revealed differential associations between person- and environment related childhood adversity and functioning of the HPA-axis in girls and boys. The results from this study contribute to the understanding of the associations between childhood adversity and neuroendocrine functioning and emphasize that different types of childhood adversity may not only be linked to cortisol but also DHEA levels in a sex-specific manner. This may partly explain the differences between boys and girls in the subsequent development of mental health and behavioral problems. Future research is recommended to assess sex-specific associations between different types of adverse events and later mental wellbeing.
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This is an interesting and potentially important report. There are, however, several issues to address.

A lot of important information is missing. Such as: 1. How LC-MS/MS and ELIZA analyses were performed? 2. How the normality of the data distribution was tested? 3. Was the person performing the analyses blind to the experiment (e.g. participants\` groups) details? 4. How was the participants\` conformity to following the instructions for gathering and preserving the saliva samples verified? How were the samples delivered to the lab? (frozen?) 5. Why only half of the initial subjects\` sample was tested for the saliva measures?

There are several language errors, such as: \"...significant lower levels (line 234)\", \" boys compared than girls (line 270)\", etc.

Graphs do not show neither significant results, nor trends.

Journal Requirements:

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.
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4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This study reports differential associations between person and environment related childhood adversity and functioning of the HPA-axis in girls and boys. The main findings indicate that in girls, person-related childhood adversity was associated with higher hair DHEA levels, while environment-related childhood adversity was not associated with any of the HPA-axis measures. In boys, person-related childhood adversity was associated with higher hair cortisol levels. The introduction gives and adequate background and clearly describes the state of art in the field. The methods are sound and relevant to the topic being researched. Results are mostly clear and well written, and the discussion is properly presented. However, some minor modifications are suggested, as follows:

1.Results Section

1.1 It would be helpful for the reader if the significant differences of table 2 were clearly indicated, along with the respective p value.

1.2 Authors use terms like similar and comparable, instead of no significant differences. Please indicate the p values to clearly indicate that comparable means not significantly different.

1.3 The term "trend" appears in the results and discussion section, but the p value is not shown in the tables or text. Please insert the p value.

2 Discussion section

2.1 Please explain the sentence below in more detail in the discussion section.

"These findings collectively indicate that different types of childhood adversity may be linked to blunted daily cortisol output, but overall prolonged elevated levels of cortisol, suggesting HPA-axis dysregulation, with possible future associations with impaired mental wellbeing."

How can a daily blunted cortisol lead to an increase in hair cortisol? Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol? How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study?

2.2 Are the size effects found in this study for the association of DHEA with person-related childhood adversity in girls, and for the association of hair cortisol and person-related childhood adversity in boys, of clinical relevance? Please compare with the size effect of the association of DHEA and cortisol with the pubertal stage and with other studies, if possible.

2.3 Was the association of the hair cortisol with the AUCg evaluated? If not, please explain why. If it was evaluated, please state the results clearly in the text.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Elke Bromberg

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

27 Mar 2020

Dear Dr. Alexandra Kavushansky,

We would like to thank the editor and reviewer for their time and the useful comments regarding the manuscript 'Sex-specific associations between person and environment-related childhood adverse events and levels of cortisol and DHEA in adolescence'. Please find our answers to the comments and questions below.

Editor comments:

1\. How LC-MS/MS and ELIZA analyses were performed?

We have clarified the methods in the methods section. The LC-MS/MS assays were performed based on the method as described in the following paper: Gao, W., Stalder, T., Foley, P., Rauh, M., Deng, H., & Kirschbaum, C. (2013). Quantitative analysis of steroid hormones in human hair using a column-switching LC--APCI--MS/MS assay. Journal of Chromatography B., 928, 1--8. doi:10.1016/j.jchromb.2013.03.008

ELIZA: Analysis of cortisol concentrations was carried out by means of salivary cortisol immunoassay with time-resolved fluorescence endpoint detection. (as described in Dressendorfer et al., 1992)

All analyses were performed by Dresden Labservices in Germany.

2\. How the normality of the data distribution was tested?

Normality was assessed by visual inspection of histograms and Kolmogorov-Smirnov tests. We have added this information in the statistical analyses section.

3\. Was the person performing the analyses blind to the experiment (e.g. participants\` groups) details?

No, the person performing the analyses was not blind to the groups since the groups were not defined before the study started but based on outcomes of the study and by the same person who performed the analyses. Groups were defined before analysis of the lab outcomes though, so we are sure that this has not affected the study outcomes.

4\. How was the participants\` conformity to following the instructions for gathering and preserving the saliva samples verified? How were the samples delivered to the lab? (frozen?)

Participants received detailed instructions, in both text and pictures, about the collection of the saliva samples. They were asked to provide the actual time of collecting the sample, also if the time deviated from the time they were supposed to collect the sample. However, we cannot be sure if they truly did so. Conformity to the instructions was not specifically verified.

Samples were sent unfrozen by mail and were immediately stored in the freezer until the assays were performed. We have added this information to the methods section.

5\. Why only half of the initial subjects\` sample was tested for the saliva measures?

Only half of the initial group was invited to participate in the second part of the study; the saliva sample part. There was not enough funding available to assay saliva samples for the entire group.

6\. There are several language errors, such as: \"...significant lower levels (line 234)\", \" boys compared than girls (line 270)\", etc.

We thank the editor for spotting these mistakes and changed it to "significantly lower levels" and "boys compared to girls". We have also thoroughly read the manuscript again looking for other language errors but think there are no other errors.

7\. Graphs do not show neither significant results, nor trends.

We have included the P values in the graphs.

Journal requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

We have attached the figures separately.

2\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

We have included a dataset.

3\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

We have added an ORCID ID for the corresponding author.

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

We have removed the phrase "data not shown" and replaced it with the results.

Reviewer comments:

1.Results Section

1.1 It would be helpful for the reader if the significant differences of table 2 were clearly indicated, along with the respective p value.

We have marked the significant differences and included the P value.

1.2 Authors use terms like similar and comparable, instead of no significant differences. Please indicate the p values to clearly indicate that comparable means not significantly different.

We have changed the terminology to clearly indicate the level of significance.

1.3 The term "trend" appears in the results and discussion section, but the p value is not shown in the tables or text. Please insert the p value.

P value has been inserted.

2 Discussion section

2.1 Please explain the sentence below in more detail in the discussion section.

"These findings collectively indicate that different types of childhood adversity may be linked to blunted daily cortisol output, but overall prolonged elevated levels of cortisol, suggesting HPA-axis dysregulation, with possible future associations with impaired mental wellbeing."

How can a daily blunted cortisol lead to an increase in hair cortisol? Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol? How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study?

Previous research has shown that childhood adversity is linked to blunted diurnal cortisol levels but also to increased cortisol levels in response to a stressor. This could be an explanation for our findings of blunted daily cortisol levels and overall elevated levels of cortisol (measured in hair).

2.2 Are the size effects found in this study for the association of DHEA with person-related childhood adversity in girls, and for the association of hair cortisol and person-related childhood adversity in boys, of clinical relevance? Please compare with the size effect of the association of DHEA and cortisol with the pubertal stage and with other studies, if possible.

We have compared the effect size of the association between childhood adversity and DHEA and cortisol to the effect size of pubertal stage and described the results in the discussion section.

2.3 Was the association of the hair cortisol with the AUCg evaluated? If not, please explain why. If it was evaluated, please state the results clearly in the text.

Yes, it was evaluated, and the results are described in the descriptive analyses section in the results section (lines 217-220).
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Sex-specific associations between person and environment-related childhood adverse events and levels of cortisol and DHEA in adolescence

PLOS ONE

Dear Dr. van Dammen,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by May 25 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Alexandra Kavushansky, PhD

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Although all the comments were addressed, some important questions were only partially answered. Please see below:

2 Discussion section

2.1 Please explain the sentence below in more detail in the discussion section.

"These findings collectively indicate that different types of childhood adversity may be linked to blunted daily cortisol output, but overall prolonged elevated levels of cortisol, suggesting HPA-axis dysregulation, with possible future associations with impaired mental wellbeing."

How can a daily blunted cortisol lead to an increase in hair cortisol? Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol? How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study?

The authors did not answer the questions bellow:

\- How can a daily blunted cortisol lead to an increase in hair cortisol?

\- Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol?

\- How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study? Note that the question is about low daily cortisol and higher hair cortisol.

Even if there is no conclusive explanation to these questions, the authors should discuss the apparent contradictory results in daily cortisol and hair cortisol. Are there other studies, with children or other developmental stages, that show increased hair cortisol and blunted daily cortisol? These questions are important because hair and daily cortisol represent different time windows, i.e., chronic versus acute cortisol levels. Moreover, the decrease in cortisol seen in this study didn't reach statistical significance (p=0.08). Is the conclusion about blunted cortisol levels in this study perhaps overestimated?

2.3 Was the association of the hair cortisol with the AUCg evaluated? If not, please explain why. If it was evaluated, please state the results clearly in the text.

Below is the answer given by the authors:

"Yes, it was evaluated, and the results are described in the descriptive analyses section in the results section (lines 217-220)."

Please note that the question is about the association of the hair cortisol with the AUCg, whereas the answer refers to the comparison of hair cortisol samples and the separate saliva cortisol samples (not to the AUCg, as asked). The analysis of the association between AUCg and hair cortisol would perhaps be helpful to the answer of comment 2.1.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Elke Bromberg

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Alexandra Kavushansky,

We would like to thank the reviewer for their time and the useful comments regarding the manuscript 'Sex-specific associations between person and environment-related childhood adverse events and levels of cortisol and DHEA in adolescence'. Please find our answers to the comments and questions below.

Reviewer comments:

2 Discussion section

2.1 Please explain the sentence below in more detail in the discussion section.

"These findings collectively indicate that different types of childhood adversity may be linked to blunted daily cortisol output, but overall prolonged elevated levels of cortisol, suggesting HPA-axis dysregulation, with possible future associations with impaired mental wellbeing."

We agree that this sentence needs more explanation and we have changed the discussion section regarding this subject.

How can a daily blunted cortisol lead to an increase in hair cortisol? Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol?

We agree that it would be expected that lower daily cortisol levels are associated with lower hair cortisol levels. We found additional literature regarding the correspondence between hair and salivary cortisol levels and in these two papers no significant correlation was observed between hair cortisol levels and salivary cortisol measured on a single day (including the AUCg). Based on these papers we changed the discussion section regarding this point.

How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study?

See the discussion section lines 304-315 for our changes.

The authors did not answer the questions bellow:

\- How can a daily blunted cortisol lead to an increase in hair cortisol?

There is a weak link between hair cortisol and cortisol measured in saliva on a single day. In order to answer this question, we need to include salivary cortisol levels measured on multiple days, but these samples were not collected, unfortunately. We have also discussed this as a limitation to our study (see Strengths and Limitations paragraph).

\- Would it not be expected that lower daily cortisol levels are associated with lower hair cortisol?

Yes, see above.

\- How can the results of previous research focusing on non-specific childhood adversity and childhood daily cortisol output be reconciled with the higher hair cortisol shown in this study?

See above.

Note that the question is about low daily cortisol and higher hair cortisol.

Even if there is no conclusive explanation to these questions, the authors should discuss the apparent contradictory results in daily cortisol and hair cortisol. Are there other studies, with children or other developmental stages, that show increased hair cortisol and blunted daily cortisol? These questions are important because hair and daily cortisol represent different time windows, i.e., chronic versus acute cortisol levels. Moreover, the decrease in cortisol seen in this study didn't reach statistical significance (p=0.08). Is the conclusion about blunted cortisol levels in this study perhaps overestimated?

We agree that the trend level significance should be interpreted with more caution. See the discussion section for our changes in lines 310-312.

2.3 Was the association of the hair cortisol with the AUCg evaluated? If not, please explain why. If it was evaluated, please state the results clearly in the text.

Below is the answer given by the authors:

"Yes, it was evaluated, and the results are described in the descriptive analyses section in the results section (lines 217-220)."

Please note that the question is about the association of the hair cortisol with the AUCg, whereas the answer refers to the comparison of hair cortisol samples and the separate saliva cortisol samples (not to the AUCg, as asked). The analysis of the association between AUCg and hair cortisol would perhaps be helpful to the answer of comment 2.1.

See lines 219-220 in the results section for the AUCg correlation with hair cortisol: "hair cortisol over the last month was not associated with AUCg cortisol levels (r = 0.11, p = 0.28)."
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Dear Dr. van Dammen,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Alexandra Kavushansky, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

10.1371/journal.pone.0233718.r006
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Dear Dr. van Dammen:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Alexandra Kavushansky

Academic Editor

PLOS ONE
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